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(57) Abstract: A method for measuring a substance to be measured by 
means of a fluorescence, which comprises carrying out a measurement in 
the presence of (1) a specific fluorescent probe emitting a fluorescence by 
a specific reaction with the substance to be measured and (2) a donor hav- 
ing a long life fluorescence by itself and being capable of combining with 
the specific fluorescent probe as an acceptor and of allowing the accep- 
tor to undergo a fluorescence resonance energy transfer (provided that the 
donor forms no chemical bonding with the specific fluorescent probe), 
wherein a fluorescence emitted by the reaction of the acceptor with the 
substance to be measured is converted to a long life fluorescence of exci- 
tation type by the fluorescence resonance energy transfer induced in the 
acceptor. 
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' m m It 

ft'fwswig^.ecit^a^b, m^^it^\-i\:^ii>^<(D^m'X^m^tix\^^o m^. 

'y— High-throughput screening (HTS) {C^ott S^j-^ff (assay) M 

^(Omm^^hX^ !5 . ^^feft^mHTS tCjSftS assay S!lfe®4''L>K::^£5 fc<^ 
i:#X.btLTV^S (Rogers, M.V., Drug Discovery Today, Vol. 2, pp. 156-160. 
1997)o 

^yt^^^ vxm^^<Dm^n^<^w^m^'r^:^mxii. m^^^m^m. 
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/<?o,^^7r>i/K^3feO^^Illig|-||Urti. mm-^m^tft mme Resolved 
Fluorescence : TRF) Sil^^^f 1-§;^?i;a5^W^tLTV>5o ^tlft. yV^y^ 

; (Delay Time) ^mfX^^t^^^y^^y^ym^Pm^Ltcm^y y^ 

n'^^B^'s.^m {.mx.\t. m-^nmom t^^^zf)) ^^p^x^o '^-i^m dna ^ 

■ — (Fluorescence Resonance Energy Transfer : 
FRET) yi~-D<Dm^mz.2m(D^yt'&^'lf; ^-^i^ ( K'i^-) t^^i^ {T^^ 

FRET m-^i^t ^^ii^<Dm^mm(Dmt 5 v n itm^mn<D^'itt:^iii 

^^Pf^xm^l^s ^-^PtiC^CS FRET ^^tm-^r <!;fcj;;5^^MtB5: 
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fib, <n^t^<Dmm^jt^^ L-c^c5 FRET m^omt^^m-r^ ^t\z2:?>.<w 



— OO^ilJ^^F^T' TRF i FRET t ^U^^t''^ Homogenuos Time 

Resolved Fluorometry (HTRF) tLXj&^, \f^< ^t^OUWh^o Wi-^i^i^^ 
f i> A-r APC (^^1:.104, 000 OWi^t^^^ V^"^ 

FRET $r®^ L#5^-^|$:i!^.#t^>^J^^1-5g^ 
^^ M£g^{ci7'£ 5 ± 5 Ufcm-a-f-H: FRET DT> pta^-^^*3 J: 
rJ«lufS§:^^$::eiSS^$ti.-f g^WftXtS^ffitCfe-S^tC FRET t^^^:.^^^ 
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^M^^^7^^-y^^?^i^t\^Xm^^mc FRET ^^z^^^^L.ti^-^mfs: 
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(1) m^immwimm^ {-^j^; u-c^^t p s ^^eti^Tfe^'o 

^^/w¥-^lii$r^,^$-^5 ;i i: :aSprig;fe#t-^#:-efco-C {fz.fl L^#-^§:{i#^ 

mim\t. lh^*^W-t DAR-M i::as*;^-r5^2^tJ^Tb'*^^*:t DAR-MT tt^^^-t 
^?^{Cj3V^-C. Tb'*^#:;6^b DAR-M 3lfi DAR-MT 

(FRET);65^C, DAR-MT X'W:FRET i 5 DAR-MT ^5l5<^*#-^^^;eiS^t Cfc^l 
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^•to m^. (A)ft Tb'Wi: DAR-M;6S^?^-^55^(^^^^^.L, (B) Tb^*$t#: 
0:2|s:H#fFtt!MII 2000-50868 4 (2000^2^ 28 0 WH) CDP^^E3*<DPS^^^ 

*^tj:^h(D^m^xhi:\>\ ^mm\^^^^x ^^mmcRjt^i t\/^of^m\t. 
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^cD5gj|tdS§]^$ti.5»#'fct*^^»f5ii:#-Cf^;5^ Citify WIS 5 

T%J yyl'^ly±>f ym^i^ (#li¥ 10-226688 #P^|ffl#) ^ i^^T ^ 7 n-y^ V 
(B^<2^ll W099/01447 ffi^^3fe7'n->*' (^H^jl ii-040325 

■i-ejJSil^)^ -m^SI«SlJSffi7°P-7' (H^^li W099/51586 -^5^JM«) 

mihfi^r. mTUd. mwjm W099/01447 -te^j^sfcia^^tifci^'T $ / n-^ 
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ti. ^i^;SU^3fe^^C^PhiPhiLux-G2D2 (OncoIimnuni|hS^).o (fgf 

7^h—i^:^m^mi. ^2jS, ¥±a, pp. 201-204, 1999) ^mif^^LtH^X'^' 
PhiPhiLux-G2D2 t;/-^— e"- 3 , - 7 tj:tl^^^xm^^ti^O^M^T 
^ J ^lajiJ (GDEVDGID) pnm^-'ti^^ix. 1 :9-^T-3 D -^5^^ ^-y-h^^^ Ufc^it 

•5fcbfct^^-C#aUTV^-5, ^t<^^^&fc j; t), GDEVD GID (^Fsi-trn 

,^?i^J^-f5E{S:^i: LT^^ODTPA (DiethylenetriaminepentaaceticAcid) 0 
. DTPA-CS124 ^•fe/l't'Vb (Selvin P. R. et al, J. Am. Chem. 

Soc.; Vol.117, pp. 8132-8138, 1995) U "^hihtzMML^-^^y^^ ^ 

Y^isr^^hWL'^xm^-^'^^Uz.^^XJ^y^ i t 

■r}•±^ Stryer L. , Ann. Rev. Biochem. , Vol.47, pp. 819-846. 1978 ^'^iftCfEft 
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fiis, ^m-^^yttit. —^m\ai. ^(om^t^ lo-'w^^a^b io-^^u^(d^^ 

^)fealJ;^^^:oV^T}4^ Hammila I. & ffebb S. , Drug Discovery Today, Vol. 2, pp, 
373-381, 1997 tC^giJcfg^^ tlTja 59 ^^MW(DmMm\^Mi^^^^i!)^^^ 

!^t\.xmm:^tix.\^^XhX\f\ «a^^^opj^{^:ffiv^5fc&©'^p^Ji ur, m 

m^^^m W099/01447 ■^■mm\^^&m<D1Jmxm:^^Lfc dar-i [3. e-tf;^ (i^^ 

5^/^T5: y)-9-(3,4—:;^T^ y-2-;^7 7v:}?^iy7=-/i'):3fi^^5^y • 

^^-^^ J —M^^m 3 ^W:.:^ ^/V$r DAR-l Kl^ tX 1. 7 ^*!JDx.> SO'tfC 
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#mUfco 1 mn(om^Umtiyy^ "^^^i^o^i^U^^ TLC -f^tmu 

m Ur DAR-M [3. 6- t';^i (v?:3i5"/l'T ^ 7 ) -9-t3-T ^ 7 -4(N-;^ ^/VT 5 / )-2-* 
m.p. 150-154°C 

'H-NMR (300 MHz. CDCI3) S 1.13 (12H. t, J=7.0). 2.86 (3H. s). 3.33 (8H, q. 
J=7.0), 6.37-6.43 (5H, m). 6.75 (IH, d, J=7.9), 6.81 (2H, d, J=9. 0) . 
FAB-MS 487 (iT+l) 

±|5-C#fc DAR-M-^ -M^^MU. -^-fkS^JjJf ;^ 7iA.fc#}C^ 
m^^^^hfCo 7" W^°7x>f 7' TLC {C i ?) mmVX DAR-MT [3. 6-tfy^ (v?:i:5=-/l'" 

T5. /)-9-(4-;^7yux}^;>i^-l-p<5^;u^yy }. y ;r /v-S-^/v) d^f-v^^ y 
m.p. isB-ieot: 

^ihNMR (300 MHz, CDCI3) 5 1. 12 (12H. t, J=7.1), 3.32 (8H, q, J=7.1), 4.37 
(3H. s), 6.31 (2H. dd. J=9. 0, 2.5), 6.43 (2H, d, J=2. 5), 6. 58. (2H, d, J=9.0), 
7.26 (IH. d. J=8.6), 7.83 (IH, d, J=8.6) 

-FAB-MS 498 (T+l) 

m2 . 

DTPA (DiethylenetriaminepentaaceticAcid) DTPA-csl24 
Sr-feryHfyPj' (SelvinP.R. etal, J. Am. Chem. Soc. , Vol.117, pp. 8132-8138, 
1995) <75;^^-C-^^ bfCo lOmM DTPA-csl24 (D DMSO i t;^4<^ lOmM TbCls 

7k^^^^B■Lfcm^ ni^s.iQii^tfs:'^mKo.mTTis-iicimmm (pH8.8) ^ 
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fco t&ia ih''^i=s^<D^m\^m i -e#fc dar-m x\i dar-mt ^^ti^ti^m^ i. o, 
2.0, 3.0s 5.0s io. OmM }c:?feSJ;5»bs S!lS^^:^^^/Co dar-m xfi dar-mt 

Mode:. Phosphate^ Excitation: 328nins Delay Time: 50/iSs Flash Count: 1, Gate 
Time: 1.00 ms. Cycle Time: 20 ms.. Slit iJiS: 2. 5 nm (Excitations Emission 
^ii)s Scan speed: 900 nm/min 

. f^Mz^mim\z.^-r, ih^'^i^t DAR-Mds*#;-r5^ (^ia@) t-j^s dar-m 
(Dmm^^tfy\^ Th'*^m^^m-r^ 545 nm <D^^m,&(Dm(i^i)mm^fitio-:)f. 

Tb'*^#: i: DAR-MT 5^ IB EI) -Ctts DAR-MT Tb^"*!! ' 

^!^{z:S5l5-t-;5 545 nm (D^^^moomd^Hmm^fh^ tfhi^. Tb^%f*:*5fe6D^ 
yttmi\(D 584nm {Cf-^H^^-fSm^tjasmmbTfeo DAR-M Xfi DAR-MT Tb^* 

fh-f. DAR-M S.t>* DAR-MT Delay Time SOms ^® L-CV^ 
^^V^i^lfe^tufCo i^X±j;«5s Tb=*mjg.U« DAR-M ;5S^^i-^^X*f±s Tb^W^^* 
b DAR-M '^(T) FRET i^^Ztci^, DAR-M dS^3feSr^$ 'feV^fc^6 Tb=^m(^^3fe3S|if 
Wic^!?(^^iS||^$tLs -:5^s .Tb^W5.TJ« DAR7MT Tb'W 
^ DAR-MT FRET r. FRET j; S DAR-MT (D^m'^^yt-i)^± Cfc . 

I=Ioexp (-t/r) (D^tCfe-C{**^^©|^*fti^;^**fCo ^ibtzWlM&'^^'O . 
(t) $:*i6fco 
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Mode: Short Phos. Decay, Excitatipn: 328 nm. Emission: 545 nra^fcfi 584 nm. 
Flash Count : U Gate Time: 0. 01 ms^. Cycle Time: 20 ms. Slit i|i: lO nm^ Integ. 
Time: 1.0 s 

l^m^^li-^Lfco 

in Th'*mmn^Mi-^ 545 nm 0«3fe*#;aSMiJi.Lfco Tb'^^^i^i: DAR-MT 

DAR-MT O^J) t?f4. MR-m <D^^^:^^K Th^*^mn^ 

*-rS 545 nm (D^ttm^t. Th'*mt^M(D'lkyttm^\(Dmtc{nmm^tc 584 nm 

m2)<D'i^mtmmn. ih''mi^^^(D^%tmmmtL\ciim'LtL 534 nm-t^^ 

7b'*^m^^ DAR-MT FRET Hm^L-otiW^, FRET i? ^Cfc 
DAR-MT (D:g:#^^^T'fc5) r dSiD;6^o/Co 



:1 







DAR-M 


DAR-MT 




Run 


Sample 


r 545(rQs) 


t 545(nis) Z 


684(ms) 


1 


10/iMTb3+DTPAcsl24 


1.52 


1.52 




2 


Runl+lAiMDARHgi^: 


0.59 


0.45 


0.45 . 


3 


Runl+2MMDAR^^#: 


0.29 


0.29 


0.29 


4 


Rual+3/zMDARil^#: 


0.22 


0.19 


0.19 


5 


Riuil+5A£MDARf|^#: 


0.13 


0.13 


0.13 


6 


Runl+10 M M DAR 


0.08 


0.08 


0.08 
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10 mM DTPA-csl24ODMS0^?S*3j;tJ^^l-O 10 loM lhCl,:^mm^U-^l.it'^, 
lOjuM t 0. IM V l^mi- h V ^J^mmm (pHT.O) $rfflVNT#3§?b 

30 M±nmhXntc Th^'i^mc. ^ 10 mM DAR-M DMSO ^^tr«^ 3. 0 

±is(i) •^nhtiit-m^tm^^m^m^^^±MzM\..mm^ti:i^ (bmim 

*328nm, 584nm <D:i:^3^^(7)'«^,g^^}CiiJ^LfCo SiJ^iii^ 120 

f^mm ionyi t ^.cs-i 5 36oo#^i?siJ;t^)^j^Lyto 

t ^f\.^iymm.m(D ib^^^^isxfi dar-m mm.^mn u-x^i ufc, 

mM : Paz:F-450'0. . . 

Mode: '^%^fi[^i\M^^ Excitation: 328 nm. Emission: 584 nm^ Slitiiii: 2.5 
nm (Excitation> Emission ^ii) ^ t}^ h-r/USJE: 950 Y 

-mt'^Mm-^nw\^^n^-^im&(Dm^m\:.fi^^ dar-m ©^©p:^©^)^ 

^\t^m2\Z.7^\^fz.o N0C13ttE^<fc 9Sl^6^'&.584nni<D^^3t*(Dii:*:dSM 

(1)SNR3 <Dm& • • ' 

(a)2-t KP=ar->-4-T- 'h7t Kn^y JJv^y [1, 9-hi] (2' -^yU:i)?:3r>>^:/i/-r 

. • 13 
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MyKy^jm (2g, 13.5 mmol). 8-t: KP=3rv.dry V (1 g. 5.28 mmol) . 

yKifu-^Y^jy^^ (AcOEt / CHjClj = 1/1) tf^jM LT g 6^#;$r^fc 
(It5l^40%)o 

^H-NMR(300 MHz, DMSO-dj) 5 1.68-1.91 (m, 4H), 2. 32-2.. 46 (t, 2H,J=6.2Hz), 
2.'55-2.63 (t, 2H. J=6.2 Hz), 3.15-3.30 (m, 4H), 6.40 (s, IH), 7.32 (d, IH, 
J=6.6 Hz), 7.55-7.68 (m, 2H), 7.94 (d, IH, J=7. 5 Hz), 12.95 (s, br IH) 

(b) 6-N, ^h-v'^9^/^T ^ 7 h -/I' 

6-T?/-l-f-7 (2g, 12. 6 mmol), -B—Yol^V (lOg, 64 nunol). b 

yo^^/UT^^- (1ml) ^mF^-y:^'f-j\^-^}\yKr%Y (5 ml) if^x^jig^u, i2o''C 
T-S^Mm^Ufco ^^^!i-a't){C200 ml cDi>^ n^M iJ' V^iDtTRgfeL, ^^\Z. 

^;\^-^JJ^^n-^Y^=7y^^{T)r\^exane : CHjCl2=l : ^)Xl^U\^X^^m^^- 
/c(J|X^32%), 

'*H-NMR(300 MHz, pMSO-d«) 5 1.20 (t, 6H,J=7.0Hz), 3.44 (q, 4H), 6.47 (dd, 
IH, J=7.0, 1.3 Hz), 6. 84 (d, IH, J=2.6Hz), 7.07 (dd, IH, J=9. 3, 2. 6 Hz) , 
7.21 (m, 2H), 8.00 (d, IH, J=9. 4 Hz) 

(c) 3-i?a^5^;UT 5 y -10-7" h 7 t Kn y i;?/ [i, 9-hi]-9-[2' -^jV^^^iyy 
•i-^^]-- <>'>^[c]=3ff^>9^y (SNR3) 

±13 (a) -C#btufc2-fc Yn^'y-A-T h'y t Kn dp/ y i?/ [i, g-hi] (2' 
•^^='y-<l^yy( M^l^-^l/ (60 mg, 0.18 mmol). ±.^{h)X'^hf\,fc^-^,]!i-'J:r. 
^yWT 5 >— (40 mg, 0. 18 mmol) (2 ml) \Z.mM 

L. 85 °CXl2^m^-W\^fz. K^^m:^m^}^n%. *5J;^500ml (^TKTKtfcit. 

?.i-a•?S^lr7i<;^cT'?&^PL7'^;6S^2^^aOH7K^T♦'^'fPL. $b{c:5 ml mW^^M 

14 
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;t-C^ttfc LfCo !^ C tztt^^mML. y :iJ^^j^:iJ y J>.^ u-^ h 7 ^ - {10% 
MeOH /CHjCg -C» LXmm^mc (1|X^20%) 

'H-NMR(300 MHz, DMSO-dg)- 51.23 (t, 6H. J=7. 0 Hz, a); 2. 12 (m, 8H, b) ; 3. H 
(m, 4H, c); 4.13 (q, 4H, J=7. 9 Hz, d) ; 6.24 (s, IH, e) ; 6.59 (d, IH, J=8.8 

Hz, f) ; 6. 79 (d. IH, J=2. 6 Hz, g) ; 7. 17 (m, 3H, h, i, j) ; 7. 62 (m, 2H, k, 1) ; 
8. 04 (m, IH, m) ; 8. 35 (d, IH, J=9. 2 Hz, n) 
FAB-MS : 517 (M") 

(2);^-<^ h /i-nm . . 

^ hyUSaSt^ltt^N'— LS50B;|^>^V^, y^^^l^y.}^^ 900 rm/'^ 
Smsmimm^ (10 mM)$ry >'ig;J7y e^i^ig^l^ (pH 7.4)-C^^LT10 juM 

^^IrPSSU. i<^^IS?^x«.-<^ h/utlSlii^VNfco ^^prm®5fc^^^ h/us. 

'fil^lr-?:tLmiOO}c:^6x.aOMM<^SNR3^?S(0.1M y V^;^7 y «J7 Ai^^|g,pH7. 4) 
h/Vi:m^aT^L7to SNR3 |i:A,ex = 615 nm, ;iein = 655 nm 
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^W(0^^<DmfS:r}m^(D±^ ^ (6.55X10'' m'cm-'ir\ Selvin, P..R.-, et al. , 
J. Am. Chem. Soc. , 116, 6029-6030, 1994) t it|55L-C'|>FRET§rlIt^i-f"<^{e: 
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If * © ^ H 
b0 6 Ilcov^Ti^^^ 1 iS{c:|5^o:ferfe„ 

8 . ft*(7)$SH^ 1 LB 7 5<^VNt'tb;i^ 1 m\^mm(D:^^\c^\,^^t^ib<D 
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m 1 

(A) 



m 



150 



100 



• 10 pM Tb^DTPAcs124 + 1 \iM DAR-M 

• 10 pM Tb^DTPAcs124 + 3 pM DAR-M 

• 10 pM Tb^DTPAcsl.24 + 5 pM DAR-M 




500 




Ex.328 nm, 
Delay time 50 ^is 



650 



(B) 



nn 



120 
100 
80 
60 
40 
20 



10 pM Tb*DTPAcs124 + i pM DAR-MT 
■*— 10 pM Tb^DTPAcs124 + 3 pM DAR-MT 
10 pM Tb^DTPAcs124 + 5 pM DAR-MT 



Ex.328 nm, 
Delay time 50 ps 




450 500 550 600 650 

;J^:S: (nm) 



700 
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